Interactive Reconstruction
of 3D Models in OpenVSP

Rob McDonald
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Fit Model Use Case

* Reverse engineer physical object
— Laser scan
« Aircraft, Part, Tunnel model, etc.
* Interoperate with legacy model
— CAD model
— Surface mesh
« Aircraft Derivative or Modification
— Re-winging existing aircraft
— Stretch fuselage
— Adapt to alternative mission
- Baseline for design study
— Match model
— V & V of analysis or design process
— Gain parameterization
* Do not want a ‘dumb’ fit
— OpenVSP Parameters
— Match ‘native’ model in creation
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The Optimization Problem

« The user must: Recall:
— Identify cloud point / target point pairing min(F()—C))
— Identify each target u, w as fixed or free L
— Specify values for any u, w fixed F(x)=Y Y (P.-T, ()‘c))2
— Identify parameters V (=1 k=l
— Control the optimizer X = {V, T Wﬁee}

Fit Model GUI designed around helping the user
pose the optimization problem.
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( Fit Model
Pick Points | Pick Vars | Var Tree | Fit Model | Save/import
C Fit Model ) | ]
Pick Points | Pick Vars | Var Tree | Fit Model | Save/lmport |ve ]
® 00 bom _______________[G]'s & Variables
L
C Fit Model I j:gggg —
Pick Points | Pick Vars | Var Tree | Fit Model | Savellmport|}=,q 0000 o
® O O |f=———4 0.000
C Fit Model ) ————4 0.000
. - - . ———< 0.000
Pick Pomts| Pick Vars ‘ Var Tree| Fit Model| Savellmport| 3 j 0.000
® 00 ﬁ i -
( Fit Model ) = |
- A
Pick Points’ Pick Varsl Var Treel Fit Modell Savellmportl - ] Z
Point Selection = =
Num Selected [0 /ariable I Clear Variables ] 2
[I' Select One I Hide Selection ] ]
[I' Select Region I Hide Unselected ]
( Select All 1 Hide All Jio
( Select None | Show All )|
[ Invert Selection I Invert Hidden ] I:g:
tion Conditions | 450
GEOM X Y Z U Type W Type  [(~) fion - Refine UW
PodGeom 842 -5.68 845 0.71 free 0091 free =l = Fit

PodGeom 7.86 -7.06 8.61 0.67 free 0.89 free
PodGeom 9.42 -7.30 9.78 0.76 free 0.90 free
PodGeom 7.14 -9.29 595 0.62 free 0.84 free
PodGeom 7.25 -8.98 7.29 0.63 free 0.86 free
PodGeom 7.02 -7.92 591 0.62 free 0.85 free
PodGeom 8.02 -5.65 6.23 0.70 free 0.88 free
PodGeom 7.65 -6.07 7.33 0.67 free 0.89 free

PodGeom 8:90 -4.76 6.52 0.76 free 0.90 free
MNadM A0 NN N NO A4 N1 N NO L~ [aWala) L~

Geom [1_PodGeom [ ]
["Free [[Fix | U |l | 0.000

["Free [[Fix | W ||} | 0.000
[ Add Target |  Delete Target I Clear Target ]
Num Target Pts. | 150 ]

&) Conditions 450

ariables

] Refine UW

Fit

Conditions 450

A

Refine UW

Conditions  |450

Fit

A A

Refine UW

Optimizer Control

DOF 300 Conditions  |450
[ Search UW 1 Refine UW
[ Update Distance I Fit
Distance Metric | 11.429668

Fit
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( Fit Model )

Pick Points | Pick Vars | Var Tree | Fit Model | Save/lmport |

 Identify cloud point / target point pairing @ PointSelection
- Identify each target u, w as fixed or free Num Selected |0 : :

[I Select One I Hide Selection ]

° SpGley values for any u, w fixed [ Select Region | Hide Unselected |

[ Select All | Hide All ]

[ Select None | Show All |

P Oint S ele Ct| on - [ Invert Selection I Invert Hidden ]

Target Points

GEOM X Y z U Type W Type

PodGeom 842 -5.68 845 0.71 free 0.91 free

. . PodGeom 7.86 -7.06 8.61 0.67 free 0.89 free

Target Point List PodGeom 9.42 -7.30 9.78 0.76 free 0.90 free
PodGeom 7.14 -9.29 595 0.62 free 0.84 free
PodGeom 7.25 -8.98 7.29 0.63 free 0.86 free

PodGeom 7.02 -7.92 591 0.62 free 0.85 free

PodGeom 8.02 -5.65 6.23 0.70 free 0.88 free

PodGeom 7.65 -6.07 7.33 0.67 free 0.89 free
PodGeom 890 -4.76 6.52 0.76 free 0.90 free

Target Component ———— “““gor " Fhaceon B
["Free [TFix | U |l | 0.000
Target Mode / ("Free [T Fix | W |l | 0.000
[ Add Target l Delete Target I Clear Target ]
Contr()l Num Target Pts. [150
. OptimizerControl COntroI
Add/Delete
Target Points Search UW Refine UW
[ Update Distance I Fit ]

Distance Metric | 11.429668




Fit Model

|dentify Identify parameters V
Container 0-UserParms
Group [ User_Group

Parm [User_o

Parameter Selection Add Variable | Delete Variable | Clear Variables

Num Variables [,?
Manipu late COMP_A  GROUP  PARM

. . PodGeom  Design FineRatio
Va”able L|St PodGeom  Design Length

PodGeom  XForm X_Location
PodGeom  XForm Y_Location
PodGeom  XForm Y_Rotation
PodGeom  XForm Z_Location
PodGeom  XForm Z_Rotation

Variable List

\

Drop Zone

[ OptimizerControl =
Conditions

Search UW Refine UW
Update Distance
Dlstance Metric | 11.429668




Fit Model

|dentify Identify parameters V

¥ PodGeom
P Attach

] » BBox

Parameter Selection + Design
(¢)Length
(¢ FineRatio

» EndCap

» Mass_Props

» Negative_Volume_Props

» Shape

P Sym

w XForm
(¢)X_Location
(@)Y _Location
(¥)Z_Location
()X_Rotation
(¢)Y_Rotation
(¢)Z_Rotation
() Origin

Drop Zone Clear Variables

Optimizer Control

DOF 307 Conditions | 450

[ Search UW | Refine UW J
[ Update Distance I Fit ]
Distance Metric | 11.429668 |
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C Fit Model )

Pick Points | Pick Vars | Var Tree |: Fit Model.

Save/lmport |

* Control the variables _PodGeom
FineRatio |>| 0 < 15.000
Length |>| A} < 10.000
X_Location | > i < 0.000
Y_Location |>| i} < 0.000
Y_Rotation |> i} < 0.000
Z_Location | > i} < 0.000
Manual Z_Rotation |>} 1 < 0.000
Variable Controls
Z
=
~__ OptimizerControl
DOF 307 Conditions | 450
[ Search UW | Refine UW J
[ Update Distance I Fit ]
)

Distance Metric | 11.429668




Save/lmport

® O O
( Fit Model

Pick Points | Pick Vars | Var Tree | Fit Model | Save/lmport:

............................................

* Save and Import optimization problem

File Name: | DefaultFitModel.fit |
/ [ Save ]

Save

File Name:[ I ]

Import / [ Import ]
(additive)

Optimizer Control
DOF 307 Conditions 450

[ Search UW 1 Refine UW

[ Update Distance I Fit %
]

Distance Metric | 11.429668




Fit Model

Control the optimizer

# Variables
# Terms
Local
Global Optimization
Optimization U / u, w free
u, w free \ [ Search UW | Refine UW |
( Update Distance | Fit |

Distance Metric |1.142846 |

“GO”

RMS
Point Distance
Output



Simple Example

D=2.500251 |
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Rutan’s Boomerang
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Questions?

Practice



